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Two main instrument/measurement
concepts are discussed here:

1 — The cloud scanner instrument:

Remote sensing (aircraft or satellite) retrievals of the vertical profile of
effective radius and thermodynamic phase as a function of
temperature and height

2 — The rainbow camera:

Retrievals of accurate liquid water droplet effective radius and distribution
width

Preliminary results and simulations are
shown for both cases.
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In Situ Aircraft:

Frank, Longo, Silva- Dias:

Smoking Rain Clouds over the
Amazon
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Fig. 4. The evolution of cloud drop diameter distribution (DSD) with height in growing convective
chouds, in the four aerczol regimes of (A) blue ocean, 18 October 2002, 181:00 T (univerzal time),
off the northeast Brazdian coast (45 38W); (B) green ocean, 5 October 2002 20:00 UT, in the clean
air at the western tip of the Amazeon (65 73W); (C) smoky clouds in Rondonia, 4 Octcber 2002,
15:00 UT (105 62W); and (D) pyro-clouds, composite where douds at height <4000 m are from
1 October, 19:00 UT (105 S6W), and clouds above 4000 m are from 4 October, 19:00 UT (105
67W ). The lowest DSD in each plot represents conditions at cloud base, except in (D), where a size
distrbution for large ash panicEs outzside of the clowd is also shown Note the namowing of CDSD
and the slowing of its rate of broadening with height for the progressively more aerczol-rich
regimes from (A) to (D).
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Smoking Rain Clouds over the Amazon
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2004 Sci P .
Andreienerii g from Cloud Side:

Smoking Rain Clouds over the Amazon

Proposed Remote Sensing

* Instantaneous profile of cloud droplet
etfective radius and thermodynamic phase
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-==——  Prototype Results —— .
1 e — | Aircraft Proof of Concept
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Experiment MODIS-CLAIM
NASA/UMBC - IFUSP - INPE/CPTEC
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Experiment MODIS-CLAIM
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3-D Radiative Transfer Studies:

Reflectances from Side and Top of a

Cylindrical Cloud ( Tz=50, Tx=30)
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3D SHDOM Look up tables extending the Nakajima and
King diagrams to 3D clouds observed from the side




3D Cloud Field Simulation

Reflectances at 2.1um
V. Zubko, A. Marshak, J. V. Martins
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3D Simulation of Radiances from a Cloud Field using SHDOM:
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Histogram of Droplet Effective Radii as a Function of 2.1mm Reflectance Showing
sensitivity for retrievals from cloud side
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Histogram of Droplet Effective Radii as a Function of 2.1mm Reflectance Showing
sensitivity for retrievals from cloud side
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Effective Radius X Cloud Cross Section ???




Effective Radius X Cloud Cross Section
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Courtesy of D. Rosenfeld

In several aircraft
measurements
using PSAP in the
Amazon and Israel,
including some
precipitating
clouds, the
effective radius
proved to be
constant

throughout the
extension of the
cloud though LWC
content varied
significantly.
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Unpolarized Gloudtop reflectance

f magnitude more
ed measurements of the




Cloudbow - Sensitivity to Droplet Effective
Radius and Effective variance

Polarized reflectance for clouds with different effective
radii and effective variances




Cloud Droplet effective radius from

polarization measurements

F-M. Breon, P. Goloub, 1998.
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Cloud Bow measurements from Space with Polder
Breon and Boucher, submitted to IEEE 2005




Rainbow Camera Prototype Measurement
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Important Features:

» Extended Wavelength Coverage UV-TIR

» Multi-Angle Viewing capability (for aerosols and cloudbow)
* Polarization

» High Spatial Resolution
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Backup Slides




Cloud Scanner Summary

* Measurements from cloud side provides instantaneous
information on the vertical profile of cloud droplet
microphysics and thermodynamics

* 3D effects from cloud side do not prevent relatively
simple retrievals to be performed




Cloudbow Summary

* The cloudbow measurements can be a simple and
accurate method to retrieve cloud water droplet effective
radius and effective variance.

* These measurements can be easily performed from
aircraft and/or space

* The polarized reflectance is much less sensitive to cloud
3D effects than the other traditional methods.

* Cloudbow measurements have different penetration than
the NIR method for droplet size. Both methods combined
can produce droplet size profile inside the cloud and be
used as a measurement of entrainment.




General

A Simplified Conceptual
Model:
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Science Proposed by CLAIM-3D

Full Characterization of Cloud Vertical Development and simultaneous
Aerosol Microphysical Properties

* Covers the Most Important Issues in Climate;
Forcing and Water Gycle today,
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- ¢ Greenhouse = +2.5W/m2, Aerosols =-0.5W/m?2 * Smoke Elevating the onset of Precipitation

i New findings show N. Atlantic Aerosol Effect on Retfichange 14 S umE s BERSIoE

I Clouds/ precipitation as large as = -10W/m?2 ¢ Delay in precipitation/increase in cloud cover
* The response of a single GCM to CO2 doubling * Shifting precipitation from Urban to remote areas
produce a 2 to 5C spread in predicted surface N . : e ficati ¢

l temperature change depending on how cloud InyigorationiofupdraliSAnienshcationo .
processes are treated. Thunderstorms/Lightning, Production of Large Hail
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*Increased overshoot cloud tops into stratosphere

*Transport of aerosols to higher layers/longer
lifetime



0 MODIS Atmosphere Bands
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Figure 3. Cloud spherical albedo as a function of wavelength for selected values of the
effective radius of cloud droplets. Results apply to water clouds having a
modified gamma size distribution with an effective variance vg = 0.111, cloud
optical thickness 1¢(0.75 um) = 16, and saturated water vapor wg = 0.45 g cm2,

King et. all 1997 The location and bandwidth of selected MODIS atmosphere bands are also

shown in the figure.



Polarized reflectance
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Scattering Angle

Top: Picture from Commercial Flight Beijing-New York on 14 Aug. 2005.

Right: Simulation of “cloudbow” showing a) unpolarized light just like we
would see with our eyes; b) polarized reflectance showing sensitivity of the
“cloudbow” to the cloud droplet radius; ¢) polarized reflectance showing
sensitivity to the effective variance of the droplet size distribution.

Bottom: Profile of the measured polarized reflectance obtained following
the red on the aircraft picture above.




Cloud nearly overhead

Cloud Scanner Measurements from Mountain Top
Shenandoah 11 Sept. 2004
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